A reliable protocol for colorimetric determination of iron oxide nanoparticle uptake by cells.
Size, shape, and surface properties of superparamagnetic iron oxide nanoparticles (SPIONs) can influence their interaction with biological systems, particularly the incorporation by tumor cells and consequently the biological activity and efficiency in biomedical applications. Several strategies have been used to evaluate cellular uptake of SPIONs. While qualitative methods are generally based on microscopy techniques, quantitative assays are carried out by techniques such as inductively coupled plasma-mass spectrometry and flow cytometry. However, inexpensive colorimetric methods based on equipments commonly found in chemistry and biochemistry laboratories are preferred for routine measurements. Nevertheless, colorimetric assays must be used judiciously, particularly when nanoparticles are involved, since their interaction with biological constituents tends to lead to quite underestimated results. Thus, herein described is a colorimetric protocol using 2,2'-bipyridine as chromogenic ligand, where each step was optimized and validated by total reflection X-ray fluorescence spectroscopy, realizing a highly reproducible and reliable method for determination of iron content in cells incubated with SPIONs. The limit of blank and limit of detection were determined to be as low as 0.076 and 0.143 μg Fe/mL, using sample volumes as small as 190 μL and a number of cells as low as 2.0 × 105. Furthermore, three different types of surface-functionalized nanoparticles were incorporated in cells and evaluated through this protocol, enabling to monitor the additive effect of o-phosphorylethanolamine (PEA) and folic acid (FA) conjugation on iron oxide nanoparticles (SPION-PEA and SPION-PEA/FA), that enhanced the uptake by HeLa cells, respectively, by four and ten times when compared to SPIONs conjugated with nonbioactive molecules. Graphical abstract Colorimetric determination of superparamagnetic iron oxide nanoparticles (SPIONs) incorporated by cells.